Integrating evolutionary psychological and molecular genetic research may increase our knowledge of the psychological correlates of specific genes, as well as enhance evolutionary psychology's ability to explain individual differences. We tested the hypothesis that men's sexual jealousy mechanisms functionally calibrate their psychological output according to genetic variation at the androgen receptor locus. Mated men (N = 103) provided buccal cell samples for genotype fragment analysis and completed inventories assessing their sexually jealous cognitions and emotions. Results indicated that men with longer sequences of CAG codon repeats at the androgen receptor locus were more likely to perceive ambiguous social and environmental cues as indicative of their mates' infidelity, and experienced greater emotional upset in response to these cues. These results contribute to a growing body of research linking polymorphism at the AR locus to individual differences in psychology, and, to our knowledge, provide the first evidence pointing toward the heritability of sexual jealousy. Our discussion centers on whether the heritability of psychological differences implies direct genetic influences on the neurobiological substrate, or reflects functionally calibrated output from sex-typical and species-typical mechanisms. We conclude by describing how future research can more clearly differentiate between these alternative genetic models.
Evolutionary psychologists assert that identifying the genetic basis of a psychological phenomenon is not necessary to establish that the phenomenon under investigation is the output of an evolved psychological mechanism (see Confer et al., 2010; Lewis, Al-Shawaf, Conroy-Beam, Asao, & Buss, in press; Williams, 1966) . Indeed, the location of a particular allele in the molecular genetic substrate is not relevant to establishing adaptation. Rather, to show that a psychological phenomenon is the output of an evolved adaptation, one must demonstrate specialized functional design (Cosmides & Tooby, 1997; Lewis et al., in press; Williams, 1966) .
This does not imply that molecular genetics cannot valuably inform evolutionary psychology. If there are compelling theoretical reasons to believe that evolved psychological mechanisms are designed to be sensitive to the downstream products of specific genetic loci, then integrating evolutionary psychological and molecular genetic research could enhance both 1) our understanding of the psychological correlates of those genes and 2) evolutionary psychology's explanatory power at the level of individual differences in addition to sex-typical and species-typical psychological phenomena.
This paper aims to theoretically illustrate and empirically demonstrate the mutually informative potential of molecular genetics and evolutionary psychology. Specifically, the current study applied an evolutionary psychological framework to investigate individual differences in men's sexual jealousy as a function of genetic variation at the human androgen receptor locus.
Sexual jealousy
Ancestral men whose long-term mates were sexually unfaithful would have incurred substantial reproductive fitness costs. These include the staggering costs associated with being cuckolded and unwittingly investing in the offspring of another male, as well as the social costs of reputational damage (Buss, 2000) . Selection would therefore have strongly favored the evolution of anti-infidelity adaptations in men.
Several theorists have proposed that sexual jealousy represents a coordinated suite of psychological processes designed to prevent mate defection and infidelity. Consistent with this proposal, the cognitive and Personality and Individual Differences xxx (2016) xxx-xxx affective facets of sexual jealousy exhibit evidence of design to promote one's mate's fidelity (Buss, 2002) . This includes triggering information-gathering about infidelity threat (Goetz, Shackelford, Romero, Kaighobadi, & Miner, 2008; Schützwohl, 2008) and producing negative emotions in response to one's mate's social interactions -in particular with potential mate poachers (Buss, 2000) . Moreover, these affective states can motivate controlling behaviors or aggressive responses (Daly, Wilson, & Weghorst, 1982) to fend off these same-sex rivals and combat other threats to the relationship (Buss, 2000; Buss, Larsen, Westen, & Semmelroth, 1992; Daly et al., 1982; Symons, 1979) .
Evolved individual differences
A condition-dependent individual differences model (e.g., Lewis, 2015; Lukaszewski & Roney, 2011; Tooby & Cosmides, 1990; Wolf, van Doorn, Leimar, & Weissing, 2007) posits that species-typical evolved psychological mechanisms are designed to process, as input, cues ancestrally predictive of the cost-benefit tradeoffs of alternative interpersonal strategies, and produce, as output, the psychological strategy of greater probabilistic net benefit for the individual, given his or her condition (Buss & Greiling, 1999; Nettle, 2006; Wolf et al., 2007) .
The output of humans' psychological mechanisms is expected to be largely the same when 1) all individuals face the same adaptive problems (Buss, 1995) , 2) these adaptive problems pose similar costs to all individuals, and 3) all individuals face these adaptive problems to the same degree. However, when individuals differ in any of these dimensions -such as when men differentially face the risk of their mates' infidelity -we should expect the output of their shared, evolved psychological mechanisms to diverge in systematic, functional ways.
Individual differences in infidelity threat
An exploration of evolved female mating strategies reveals why ancestral men would have faced differential likelihoods of being cuckolded. Women's reproductive success would have been enhanced when they were able to produce genetically robust offspring and secure long-term investment from their mates. To produce offspring of high genetic quality, a woman had to copulate with a man of high genetic quality. Yet, because desirable, high genetic quality men could have increased their own reproductive success by engaging in uncommitted mating with multiple women, selection would have favored the pursuit of short-term mating strategies among these men (Gangestad & Simpson, 2000) . Indeed, physically attractive men of high genetic quality are precisely those men who are least monogamous and most likely to be sexually unfaithful (e.g., see Al-Shawaf, Lewis, & Buss, 2015; Buss, 2003; Gangestad & Thornhill, 2008) . Consequently, women face tradeoffs in their mate selection: they may not always have been able to reliably secure both "good genes" and long-term investment from the same man (Gangestad & Simpson, 2000) . This dilemma creates the background selective conditions for the evolution of a dual female mating strategy of 1) long-term mating with men willing to commit resources and investment and 2) seeking men of high genetic quality for short-term sexual relations (Gangestad & Simpson, 2000) .
Because ancestral women could not have directly observed men's genes, their detection of men's underlying genetic quality had to have been indirect -based on observable cues. Because androgens have immunosuppressive effects, androgenization may be a costly signal indicating high genetic quality (Evans, Goldsmith, & Norris, 2000; Peters, 2000; Rantala, Vainikka, & Kortet, 2003; Zahavi, 1975) . Selection may thus have favored a female preference for androgenized men as shortterm mating partners (see Gangestad & Simpson, 2000; Gangestad & Thornhill, 1997; Penton-Voak et al., 1999) . Empirical data support this hypothesis. Evidence suggests that women prefer short-term mates who exhibit above-average levels of a wide variety of characteristics associated with androgenization, androgenization, ranging from low vocal frequencies (see Feinberg et al., 2006) to a v-shaped torso (Hughes & Gallup, 2003) .
An ancestral woman could have reaped both genetic and non-genetic benefits from engaging in a sexual affair (see Greiling & Buss, 2000) , but she also could have incurred substantial costs from engaging in such liaisons. If she engaged in such an affair and was discovered, she could have lost her long-term partner, suffered reputational damage, and seen a decrease in her probability of securing future long-term mates (Forstmeier, Martin, Bolund, Schielzeith, & Kempenaers, 2011; Greiling & Buss, 2000) . Selection would thus have favored extra-pair mating mechanisms in women that were only activated under conditions in which the probabilistic benefits outweighed the probabilistic costs.
The benefits of an extra-pair copulation with a man of high genetic quality would have depended on the genetic makeup of the woman's current long-term mate (Gangestad, Thornhill, & Garver-Apgar, 2005; Haselton & Gangestad, 2006; Pillsworth & Haselton, 2006) . For example, a woman mated to a man of high genetic quality would have gained little genetic benefit from an extra-pair affair; the "good genes" she could have potentially obtained for her offspring would have been, at best, minimally superior to those she could have obtained by copulating with her long-term mate. Such minimal benefits are unlikely to offset the potential costs of such an affair. On the other hand, a woman mated to a man of low genetic quality could have reaped substantial genetic benefits by engaging in short-term liaisons with a man of high genetic quality (Gangestad et al., 2005; Haselton & Gangestad, 2006; Pillsworth & Haselton, 2006 ).
Women's short-term mating psychology may also serve additional functions besides the acquisition of high quality genes for their offspring. These additional functions include long-term mate-switching (Greiling & Buss, 2000) , obtaining valuable resources (Symons, 1979) , securing physical protection (Smith, 1984 ; see also Smuts, 1985) , and elevating their social status by consorting with high-status men (Smith, 1984) . Among men, androgenization is associated with the ability to effectively provide protection (Archer & Thanzami, 2009; Brewer & Riley, 2009 ) as well as social status and resource earnings (Newman, Guinn Sellers, & Josephs, 2005) . Consequently, ancestral women would have been more likely to secure these benefits when they selected androgenized men as their short-term mating consorts. Regardless of which specific functions were served by women's extra-pair affairs (good genes, economic resources, physical protection, or more than one of these), the benefits of such an affair would have been greater, on average, for women mated to less androgenized men than for those mated to highly androgenized men (see Greiling & Buss, 2000) .
This reasoning points toward the overarching hypothesis of a link between the alleles that ancestral men possessed at androgenizationlinked genetic loci and their likelihood of facing sexual infidelity by their long-term mates.
The androgen receptor (AR) gene
The AR gene is an androgen-activated transcription factor that regulates gene expression throughout the brain and body (Bhasin, Woodhouse, & Storer, 2001; Simerly, Chang, Muramatsu, & Swanson, 1990) . In humans, the AR gene is polymorphic, with the number of CAG codon repeats in the first exon ranging from nine to 31 (Alevizaki et al., 2003; Edwards, Hammond, Jin, Caskey, & Chakraborty, 1992; Lukaszewski & Roney, 2011; Simmons & Roney, 2011) . Shorter sequences of CAG repeats are associated with greater expression of the AR protein (Choong, Kemppainen, Zhou, & Wilson, 1996) and enhanced transcriptional activity (Chamberlain, Driver, & Miesfeld, 1994) . Consequently, shorter sequences of CAG repeats translate into stronger phenotypic effects of androgens. For example, men with fewer CAG repeats exhibit a greater physiological response to testosterone than do men with a longer sequence of CAG repeats (Zitzmann & Nieschlag, 2007 , see also Casella, Maduro, Lipshultz, & Lamb, 2001; von Eckardstein et al., 2001) .
Because the AR gene is expressed throughout the body and brain, the number of CAG repeats should exert phenotype-wide effects: fewer CAG repeats should be associated with greater androgenization of the whole organism (Simmons & Roney, 2011) . Indeed, shorter sequences of CAG repeats in men are associated with higher rates of sperm production (von Eckardstein et al., 2001 ) and lower levels of body fat (Nielsen et al., 2010; Zitzmann, Gromoll, von Eckardstein, & Nieschlag, 2003) , as well as greater muscle mass (Nielsen et al., 2010) and upper body strength (Lukaszewski & Roney, 2011; Simmons & Roney, 2011) . Moreover, these organism-wide effects are not limited to morphology; shorter CAG repeats are associated with important social, psychological, and personality outcomes, including higher levels of prestige (Simmons & Roney, 2011) , greater extraversion (Lukaszewski & Roney, 2011) and increased psychological dominance (Simmons & Roney, 2011) .
The AR gene and men's sexual jealousy
If ancestral women with less androgenized mates were more likely to engage in extra-pair affairs than women with more androgenized mates, and men's androgenization is related to polymorphism at the AR locus, then ancestral men with longer CAG repeats at the AR locus would have been at heightened risk of their mates' infidelity. Such a link between men's allelic length at the AR locus and the risk of their mates' infidelity would have created selection pressures for the evolution of a condition-dependent design feature of men's sexual jealousy mechanisms: selection should have favored sexual jealousy mechanisms that regulate their output partly as a function of a man's number of CAG repeats. We therefore hypothesized that men with longer sequences of CAG repeats should exhibit higher levels of sexual jealousy.
If men's sexual jealousy mechanisms calibrate their psychological output according to a man's number of CAG repeats, then men with a longer sequence of CAG repeats should exhibit an elevated baseline alertness to their mates' potential infidelity. "Cognitive jealousy" (Pfeiffer & Wong, 1989 ) -which includes psychological states such as being suspicious that one's mate is interested in having, or is surreptitiously pursuing, an intimate relationship with someone else -can functionally direct men's attention toward the potential problem of their mates' unfaithfulness. On this basis, we predicted that men with a longer sequence of CAG repeats experience jealous cognitions more frequently.
Men with a longer sequence of repeats should also have a lower threshold for jealousy in response to cues potentially indicative of their mates' infidelity. Selection would have favored sexual jealousy mechanisms that calibrated men's perceptions of the likelihood of their mates' infidelity based on cues probabilistically linked to infidelity (Nettle & Clegg, 2008) . However, these cues are imperfect indicators of actual unfaithfulness (Shackelford & Buss, 1997) . In trying to discriminate signals of infidelity from noise, a man could 1) correctly perceive his partner's fidelity or infidelity, 2) incorrectly perceive infidelity when his partner is faithful, or 3) fail to detect infidelity when his partner has been unfaithful. If the mates of men with longer CAG repeat lengths were more likely to be unfaithful, then, probabilistically, a given cue to infidelity would more often have reflected actual infidelity by these men's mates. Failing to direct attention to such cues would therefore have been more costly, on average, for men with longer CAG repeat lengths. Based on this logic, we predicted that men with longer sequences of CAG repeats would exhibit heightened perceptions of infidelity in response to ambiguous infidelity cues compared to men with shorter alleles rating the same cues.
Based on the same reasoning, if men with longer CAG repeat lengths and men with fewer repeats were to maintain the same baseline levels of emotional sensitivity to cues to infidelity, then men with longer repeat lengths would have more frequently failed to be emotionally jealous when cues truly did indicate their mates' infidelity. We therefore hypothesized that men's sexual jealousy mechanisms regulate their emotional output according to variation at the AR locus. Specifically, we predicted that men with a greater number of CAG repeats would experience heightened emotional upset in response to ambiguous infidelity cues, relative to men with shorter CAG repeat sequences.
The current study
The current study tested the hypotheses that men with longer sequences of CAG repeats experience more jealous cognitions (Hypothesis 1), including more frequent thoughts about their mates' infidelity and elevated perceptions of infidelity in response to ambiguous cues, as well as heightened levels of emotional jealousy (Hypothesis 2), such as greater emotional distress in response to ambiguous cues.
Method

Participants
One hundred three men (M age = 20.22, SD = 2.65, Range: 18-33) currently involved in a committed heterosexual relationship of at least six months (M = 27.54 months, SD = 16.60) participated as part of a larger study on relationship dynamics. Fifty-eight percent of the sample self-identified as "Caucasian," 23% as "Hispanic," 2% as "African American," 13% as "Asian," 1% as "Indian," and 2% as "Other." Participants were recruited from an introductory psychology subject pool, as well as by posting flyers on a university campus and advertising on social networking sites (e.g., Facebook). Participants from the introductory psychology subject pool received partial course credit for their participation.
Materials
Genetic sample and genotype fragment analysis
Catch-All™ Sample Collection Swabs (Soft Pack) from Epicentre (Madison, WI, USA) were used to collect buccal cells. Qiagen QIAmp DNA Mini Kits (Chatsworth, CA, USA) were used to extract genomic DNA from the swabs, and the spin protocol described in the QIAmp DNA Mini and Blood Mini Handbook (Qiagen, 2010) for DNA purification from buccal swabs was followed.
The region of interest was amplified by polymerase chain reaction (PCR) following the protocol described in Krithivas et al. (1999) . The sense primer sequence was 5′-TCCAGAATCTGTTCCAGAGCGTGC-3′ and the antisense primer sequence was 3′-GCTGTGAAGGTTGCTGTTCCTCAT-5′. Samples were denatured at 94°C for 3 min, followed by 35 cycles of 30 s at 94°C, 30 s at 60°C, and 1 min at 72°C. The final extension step consisted of 8 min at 72°C. Gel electrophoresis was used to ensure that the PCR multiplied the target sequence. PCR products were sent to a DNA Sequencing Facility for fragment analysis. Resultant data were analyzed using SoftGenetics® GeneMarker® Software (State College, PA, USA).
Sexual jealousy
To capture the distinct psychological states associated with sexual jealousy, sexual jealousy was operationalized in the following ways.
Sexually jealous cognitions.
Multidimensional jealousy scale -cognitive component. The cognitive section of the Multidimensional Jealousy Scale (Pfeiffer & Wong, 1989) Perceptions of infidelity. An instrument displayed each of the 72 cues to infidelity presented in Shackelford and Buss (1997) , and asked participants to estimate the probability of their mates' infidelity, given the observation of each cue. Estimates were made on a sliding scale ranging from 0% to 100%.
Sexually jealous emotions. Multidimensional jealousy scale -emotional component. The emotional section of the Multidimensional Jealousy Scale assessed individuals' emotional distress in response to events potentially indicative of infidelity. Eight items ask participants how they would feel in response to events such as "[Your partner] shows a great deal of interest or excitement in talking to someone of the opposite sex." Items are rated on a seven-point Likert-type scale (1 = very pleased, 7 = very upset).
Emotional upset. An author-generated extension of the emotional section of the MJS used the same root question ("How would you emotionally react to the following situations?") and rating scale to assess participants' emotional upset in response to each of the 72 ambiguous cues to infidelity presented in Shackelford and Buss (1997) .
Procedure
Upon arriving at the laboratory, participants were provided with an informed consent form that outlined the procedures, instruments, and measurements described above. All participants provided written informed consent.
After consenting to participate, participants were escorted to a laboratory room approved by Environmental Health & Safety (EHS) at the university for collection, handling, storage, and disposal of biological samples.
Participants were provided with a buccal swab and instructed to vigorously rub the cotton tip along the inside of both cheeks for 30 s. The swab was then air-dried for 10 min, returned to its original packaging, and frozen at −20°C until processing.
After completing buccal cell collection, participants were guided by a researcher to a private laboratory computer room to complete a survey that included the instruments described above.
Results
Data preparation and statistical analysis
The DNA extraction procedures resulted in successful extraction from 97 men. The number of CAG codon repeats ranged from 15 to 31 (M = 23.7, SD = 2.75), a distribution consistent with previous literature (e.g., Alevizaki et al., 2003; Edwards et al., 1992; Lukaszewski & Roney, 2011; Simmons & Roney, 2011) .
Although the cognitive and affective components of sexual jealousy can be conceptualized as distinct psychological states, and previous literature has cleaved jealousy into distinct components at the cognitiveemotional boundary (e.g., Pfeiffer & Wong, 1989) , it nonetheless was plausible that our cognitive and affective measures tapped a single underlying variable. To address this, we conducted Principal Components Analyses (rotation: direct oblimin) on the 144 items based on the cues to infidelity presented in Shackelford and Buss (1997) . For the purpose of determining whether cognitive jealousy and emotional jealousy reflect distinct psychological constructs, these items were a particularly good source of data; they consisted of 72 pairs of parallel questionsone cognitive and one emotional for each cue.
Visual examination of the PCA scree plot indicated a solution consisting of between two and five components. To identify the most parsimonious of these tenable factorial solutions, we used the criterion of minimizing the total number of items that either exhibited absolute loadings of at least 0.35 on more than one component or failed to have such a loading on any component (e.g., see Al-Shawaf & Lewis, 2013) . This revealed a two-factor solution that cleaved the items very neatly along a cognitive-emotional border. Seventy of the 72 items assessing cognitive jealousy (within-instrument reliability: α = 0.98) loaded onto the first component, and over 80% of the items assessing emotional jealousy (within-instrument reliability: α = 0.95) loaded onto the second component. Furthermore, none of the items assessing emotional jealousy loaded onto the first component, and none of the items assessing jealous cognitions loaded onto the second component. Based on these results, which indicated that cognitive jealousy and emotional jealousy tapped distinct psychological constructs, we proceeded to test the current study's hypotheses. Because all study hypotheses were directional, we conducted one-tailed tests.
The AR gene and cognitive sexual jealousy
As described in the Method section, two distinct instruments were used to assess individuals' jealous cognitions. The cognitive component of the MJS assessed participants' frequency of sexually jealous thoughts. The Perceptions of Infidelity instrument asked participants about their perceptions of their mates' fidelity based on ambiguous cues. The former instrument assesses spontaneous sexually jealous cognitions, whereas the latter measures jealous cognitions elicited by environmental cues. However, it seemed plausible that these measures tapped a single, underlying dimension of jealous cognitions.
Somewhat consistent with this proposal, individuals' scores on the Perceptions of Infidelity instrument and the cognitive section of the MJS were positively correlated, r(95) = 0.20, p b 0.05. Given the conceptual reasons to believe that these two facets of cognitive jealousy reflect the output of a common underlying psychological mechanism, and the observed inter-correlation between the scales, we created a composite cognitive jealousy score by standardizing individuals' scores on these two instruments and computing the mean of these values.
In support of Hypothesis 1, men's number of CAG repeats correlated positively with their sexually jealous cognitions, r(95) = 0.27, p b 0.01. Given the relatively low correlation between the instruments, however, it was possible that they tapped distinct psychological dimensions. For this reason, we followed the overall finding with instrument-level analyses to determine what was driving the relationship between the AR locus and men's cognitive jealousy. These analyses revealed that the relationship between men's allelic length and their tendency to spontaneously experience sexually jealous thoughts was in the expected direction (cognitive section of the MJS, r(95) = 0.12, p = 0.13), but the overall link between men's cognitive jealousy and the AR locus was driven by heightened perceptions of infidelity among men with longer CAG repeat sequences in response to uncertain cues (Perceptions of Infidelity instrument, r(95) = 0.26, p b 0.01).
The AR gene and emotional sexual jealousy
As with our measures of jealous cognitions, we assessed men's emotional jealousy using two instruments that could capture distinct psychological dimensions, or alternatively could tap a single underlying affective dimension. Consistent with the latter proposal, men's scores on the emotional component of the MJS were strongly positively correlated with their emotional upset in response to ambiguous cues to infidelity, r(95) = 0.64, p b 0.001. We therefore created a composite emotional jealousy score by computing the mean of participants' standardized scores on these two instruments.
In support of Hypothesis 2, men's number of CAG codon repeats correlated positively with their emotional jealousy, r(95) = 0.24, p b 0.01. To parallel the cognitive jealousy analyses, we followed up this overall result with instrument-level analyses to determine which (or both) of the measures was driving the link between the AR locus and men's emotional jealousy. These analyses indicated that the relationship between men's allelic length and their emotional jealousy was manifest across both the emotional component of the Multidimensional Jealousy Scale, r(95) = 0.19, p = 0.03, and the instrument based on the ambiguous cues presented in Shackelford and Buss (1997) , r(95) = 0.24, p b 0.01.
Cognitive and emotional jealousy: independent links to the AR gene?
It was plausible that the observed bivariate correlation between men's AR allelic length and their emotional jealousy was driven by a link between the AR gene and men's jealous cognitions, and vice versa. To address this, we conducted partial correlations between men's number of CAG repeats at the AR locus and these distinct components of jealousy while controlling for the other component. Corroborating the results of the PCA, and in line with the notion that cognitive sexual jealousy and emotional sexual jealousy tap distinct psychological dimensions, over 97% of the variance in the composite cognitive jealousy and emotional jealousy variables was non-overlapping. In line with this degree of orthogonality, the link between men's allelic length at the AR locus and their emotional jealousy remained robust after controlling for their jealous cognitions, partial r(94) = 0.19, p = 0.03, as did the link between the AR gene and men's jealous cognitions after controlling for their emotional jealousy, partial r(94) = 0.23, p = 0.01.
Discussion
This study tested the overarching hypothesis that men's sexual jealousy mechanisms are calibrated to genetic polymorphism at the AR locus. In support of this hypothesis, we found that men's number of CAG codon repeats was positively associated with their sexual jealousy, and that this relationship manifested itself in both men's cognitions and emotions. The current study thereby contributes novel evidence to a growing body of recent research linking polymorphism at the AR locus to individual differences in psychology (e.g., Lukaszewski & Roney, 2011; Simmons & Roney, 2011) , and more broadly, to evolutionary psychological research documenting theoretically anchored links between genetic variation and individual differences in psychology. To our knowledge, the gene-sexual jealousy links documented here also represent the first evidence pointing toward the heritability of sexual jealousy. The possibility that these gene-linked differences in psychology reflect individual differences arising from sex-typical psychological mechanisms, however, raises an important but overlooked question about the heritability of psychological differences.
Polymorphic mechanisms, or polymorphic inputs into sex-typical mechanisms?
Gene-linked psychological differences such as those observed in the current study have historically been attributed to "direct" genetic models. Under such models, heritable differences in psychology are assumed to reflect the coding of different neural substrates by different alleles (e.g., Bouchard & Loehlin, 2001; Depue & Collins, 1999; Kagan, 1998; McCrae & Costa, 2008; Nettle, 2006; Penke, Denissen, & Miller, 2007) .
However, the observation of gene-linked psychological differences is equally consistent with a condition-dependent model (Lewis, 2015; Lukaszewski & Roney, 2011; Tooby & Cosmides, 1990) . Individual differences in sexual jealousy may be the result of sex-typical psychological mechanisms that calibrate their output according to the conditional input they receive as a consequence of genetic variation at the AR locus.
The question that therefore looms about the relationship between genetic polymorphisms and psychological differences (e.g., Lukaszewski & Roney, 2011; Sen et al., 2004; Tochigi et al., 2006; Westberg et al., 2009 ) is whether these polymorphisms are associated with 1) different psychological mechanisms (and their neurobiological substrates) across individuals, or rather with 2) variable inputs into species-or sex-typical psychological mechanisms that consequently yield variable output: different psychological trait levels across individuals.
Consistent with this latter perspective, Lukaszewski and Roney (2011) demonstrate that genetic polymorphism at the AR locus is associated with individual differences in psychology, but that downstream correlates of the gene predict these psychological differences above and beyond genetic polymorphism alone. This indicates that the genepsychology relationship cannot be solely attributed to direct genetic influence. Instead, these results point toward genes playing an important role in influencing individual differences in human psychology, but through a complex pathway in which the genes' downstream products serve as input into species-typical or sex-typical information-processing mechanisms that calibrate psychological output accordingly.
Because both "direct" genetic models and condition-dependent models lead to gene-psychology links that appear heritable in behavioral and molecular genetic studies, heritability alone cannot be used to discriminate between these two models. Rather, testing for evidence of functional, information-processing design is ultimately necessary to discriminate between these alternative, but not mutually exclusive, pathways by which genes exert their influence on psychology (see Lukaszewski & Roney, 2011) . Testing for evidence of such design represents a key future direction for both molecular genetic research informed by evolutionary psychology and evolutionary psychological research informed by molecular genetics.
The AR locus as a candidate gene
The current study integrated an evolutionary psychological approach with molecular genetics by investigating covariation between the polymorphic AR locus and men's sexual jealousy. Although the candidate-gene approach has lost some of the favor with which it was once received, we believe that two key features of the current study distinguish it from the type of candidate-gene study that has fallen under criticism. One critique is that, because candidate genes are often selected based on prior knowledge of their relevance to the phenotype under investigation, they are not driven by a priori hypotheses. We acknowledge that it is questionable to call a candidate-gene study "hypothesis-driven" if there are already known links between the phenotype of interest and the candidate gene. However, the degree to which this criticism is warranted depends on the "proximity" between the phenotype under investigation and the phenotypic feature known to be associated with the candidate gene. For example, if the phenotype of interest is a neurological disease such as multiple sclerosis (MS), and there are known effects of a candidate gene (e.g., TGFB2) on the survival of dopaminergic neurons (Goris et al., 2007) , then it would be dubious for a researcher to call a predicted association between TGFB2 and MS "hypothesisdriven."
1 The known phenotypic correlate is too close to the phenotype under investigation. In the context of the current study, however, the majority of known correlates of the AR gene are not even in the same domain of knowledge. The AR locus is known to have effects on gene expression (Bhasin et al., 2001; Choong et al., 1996; Simerly et al., 1990) , physiology (Casella et al., 2001; von Eckardstein et al., 2001; Zitzmann & Nieschlag, 2007) , and morphology (Nielsen et al., 2010; Zitzmann et al., 2003) . The current study's hypotheses were about men's psychology. In the absence of theoretically anchored evolutionary psychological reasoning, the known phenotypic correlates of the AR gene simply do not point toward an expected relationship between the AR locus and men's jealousy. Rather, truly a priori theoretical reasoning is needed to link the AR gene to the psychological features under current investigation.
A second issue with candidate-gene studies deals with their reproducibility. A principal reason that prior candidate-gene findings have not been easily reproduced is that the original samples have been genetically homogeneous (Hutchison, Stallings, McGeary, & Bryan, 2004) . The 1 Note that the criticism of such candidate-gene studies as not being hypothesis-driven does not necessarily undermine the importance or validity of the observed relationship between the candidate gene and the phenotype of interest. present sample's diversity and representativeness (42% non-white, with at least six ethnicities represented) suggests that the current research could be free from this issue. Ideally, this would be determined empirically. We hope to see this addressed by other researchers in future work.
9.3. Limitations and future directions 9.3.1. The AR gene and sexual jealousy among women
We collected genetic samples only from men for two reasons. First, the current study's hypotheses pertained specifically to men. Second, the AR gene is located on the X chromosome. Women, but not men, can be heterozygous at this locus, and the effects of heterozygosity at this locus are not known. For example, a woman who possesses one shorter allele and one longer allele might have higher -or lower -androgen sensitivity than a woman who possesses two medium length AR gene alleles. Because men, on the other hand, possess only one copy of the AR gene, they are effectively homozygous. A man with an allele with a shorter number of CAG repeats produces androgen receptors that are more sensitive to androgens than does a man with a longer allele. For these reasons, we actively chose to examine the relationship between the AR gene and sexual jealousy specifically among men. This nonetheless represents a study limitation, and future research could benefit from employing molecular genetic methods in the investigation of individual differences in sexual jealousy among women.
Jealousy in response to sexual versus emotional infidelity
A substantial body of literature documents sex differences in jealousy, in particular in response to sexual versus emotional infidelity (see Buss, 2013 for a review; see also Park, Wieling, Buunk, & Massar, 2008; Fussell, Rowe, & Park, 2011; Bendixen, Kennair, & Buss, 2015) . It would be ideal to separately examine the relationships between the AR gene and 1) jealousy in response to emotional infidelity and 2) jealousy in response to sexual infidelity. However, the inventories of items that served as the source for the current study's measures do not permit such a differentiation. For example, the cues to infidelity from Shackelford and Buss (1997) include items such as "her clothing style suddenly changes" and "she is unusually critical of her partner." Such behaviors might cue emotional infidelity, sexual infidelity, or both. Consequently, the nature of these cues does not permit the differentiation between sexual and emotional infidelity. Whether allelic length is linked to jealousy in response to sexual infidelity, emotional infidelity, or both is an open question that awaits future research.
Conclusion
As hypothesized, men's sexual jealousy tracked polymorphism at the AR gene: men with longer CAG repeats sequences reported a) heightened perceptions of infidelity and b) greater emotional upset in response to ambiguous social and environmental cues of potential infidelity. These findings contribute novel evidence to a growing body of literature linking genetic polymorphism to individual differences in psychology. Although the current findings cannot adjudicate between a condition-dependent model and a more direct model of genetic influence, only the condition-dependent model generates the novel, theoretically anchored predictions about human psychology that provided the impetus to investigate the relationship between the AR locus and men's sexual jealousy. Indeed, in the absence of a condition-dependent evolutionary framework, this relationship could have gone undiscovered and remained unknown. We hope that this research highlights the utility of condition-dependent evolutionary models for understanding how universal psychological mechanisms can produce flexible, context-sensitive psychological outcomes. More broadly, we hope that this research illustrates both the heuristic value of an evolutionary psychological framework for molecular genetic psychological research, and the utility of molecular genetic methods for increasing the sophistication and empirical progress of evolutionary psychology.
